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Abstract 
The results of ecological-geochemical studies of the snow cover of the Saint-Petersburg region and the Southern 
Urals are studied: the content and surface distribution in the snow cover of heavy metals which are among the most 
hazardous toxicants for people. 
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1.Introduction 
At present industrial enterprises are surrounded by ever growing technogenic anomalies – plots with 
higher contents of lead, copper, zinc, and other elements, exceeding significantly natural background. 
Disclosing of such technogenic anomalies is one of most important geoecological tasks of city 
environment evaluation. Snow cover monitoring is one of the methods of defining ranges of such 
anomalies. In this sense, snow cover is a reliable indicator of pollution for it concentrates the whole 
volume of winter precipitation. The amount of toxic materials left in a city after snow has melt is 
represented by a complex of substances in snow cover and carried away by thaw waters. Thus, studies of 
city snow pollution turn out to be practically the only reliable source of data on further formation of 
geochemical anomalies in soils, waters, bottom sediments, vegetation.  
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Most attention in such ecological-geochemical investigations of snow cover on urban areas is usually 
paid to heavy metals [1]. This is conditioned by wide distribution and index marks of such kind of 
pollution, as well availability of well practiced and comparatively cheap methods of analysis (mostly 
spectral). Besides, heavy metals are among most hazardous pollutants for humans and other life forms 
due to their high biochemical activity, toxicity, high cumulating properties and difficulty with their 
driving out of the body. Main sources of heavy metals impact from industry are: burning of organic 
substances, coal, oil, transport, primary and secondary processing of iron, steel and polymetallic ores, 
producing of ferroalloys, chemical, oil extracting, and mineral resource industry [2]. In difference from 
many pollutants heavy metals are not self-cleaning: in the process of migration they just change the level 
of content of forms of presence. They include themselves into all kinds of migrations and biological 
circulation that invariably induce pollution of most important life providing environments: water, air, 
food. 
Although not only heavy metals pollute urban atmosphere, due to a commonness of the sources of 
pollution, the results of this study show satisfactory similarity with projected indices of the values of 
pollution [3]. 
2.Regions and methods of research 
Snow cover studies were conducted independently on the areas on St. Petersburg region and the 
Southern Urals in February-March of 2008. 
The subject of the research was revealing of the characteristic features in territorial distribution of such 
parameters of thaw water as amount of dredge, general mineralization, pH, metal concentration, etc. The 
investigations were made by the standard methods [4].   
There is a lot of industries (of iron and polymetallic ores, machine building, construction, power 
station, partially working on coal and black oil) situated in urban areas of the Southern Urals 
(Chelyabinsk city and its suburbs). The winter in 2007-2008 in the Southern Urals was characterized by 
frequent thaws in the period from November till February, and the medium of snow level up to the end of 
winter was about 31 cm (within the usual norm), prevailing winds had southern and west-southern 
direction. The snow cover was tested in the whereabouts of Chelyabinsk in February beginning March 
2008 in the network presenting several throughout latitude and meridian profiles showing a number 
subsidiary sub medium profile and one circle profile along the coastal ling of the lake Smolino. The tested 
network embarked the area of city Chelyabinsk, the Northern part of the administrative territory of town 
Kopeysk, North-Sourthern Part of the Network enclosed the area of Chelyabinsk the northern part of 
administrative territory of Kopeysk town, the northern part of the research south-western part of the 
Krasnoarmeymsky region. The concentration of elements was defined in water soluble phase (i.e. in the 
most actively moving form). The chamber analytical works were conducted with the spectrometer with 
inductive-connected plasma “Bayard-2000”.  
The region of research in the St. Petersburg area included its territory, most of (northern-western part) 
of Karelian Isthmus and the west of St. Petersburg region, enclosing the towns of Vyborg, Priozersk, 
Volkhov, Luga, Sosnovy Bor. In the structure of industry of the region are prevailing enterprises of ship 
building, machine making, construction materials, textile and food industry. In Volkhov there is the 
Volkhov aluminum enterprise. Thermal power stations and boiler-rooms of the region are working on 
natural gas. The metrological conditions of winter 2007-2008 in the St. Petersburg region were similar 
with that of the Southern Urals – frequent thaws, the highness of the snow cover up to the end of the 
winter season was approximately to 29 cm (to the norm), prevailing winds – northern, northern-eastern. 
In all at the end of February of 2008 on the test points, radial and circle routes were taken 328 samples of 
snow for taking concentration of soluble phase of heavy metals (Bi, Pb, Zn, Cu, Ni Co, Mn, Fe, Cr, V) by 
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X-ray-phluorescent method on spectrometer “Spectrockan ɆȺɄɋ-GV”. 
3.Results and discussion 
Formation of technogenic anomalies is tied in many ways with a character of distribution of hard 
suspension particles (dry precipitation). That touches on, first of all the areas nearing sources of emissions 
of so called “near” zone of fall-outs, most hazardous from ecological points. The difference in character 
of fall-outs in “near” and “far” zones is subject for further investigations.  
Industrial processes causing emissions are high temperature. At them a significant part of heavy metals 
are emitted in the atmosphere either in gaseous or fine-dispersed form, while more solid particles are 
partially removed by ash- and dust trapping devices. But even coming into atmosphere larger dust 
particles are not carried over bigger distances, but settle down under gravity in the vicinity of the source 
and negatively influence on the local scale, not having impact on the regional and global pollution. 
As the researches showed, in the St. Petersburg region most dust in snow cover is characteristic for 
Volkhov (average 2.2 g/m2), which is probably connected with emissions from the Volkhov aluminum 
factory, for maximum values of dust fall-out are marked within the range of its activity. In general a slight 
dust load is noted for the region (in 80% of the samples of suspended substances the content is less than 1 
g/m2, and an average load is 0.7 g/m2. In the Southern Urals (Chelyabinsk city) in more than 80% samples 
the dust load amounts to 4.0 till 45.0 g/m2 and 11% of samples – 45-87 g/m2, which corresponds to high 
dust content of air in winter time. These data corresponds with the materials of the Complex report of the 
Ministry of Radiation and Ecology of the Chelyabinsk region [5]. 
At Fig. 1 there is a surface distribution of dust on the territory of Chelyabinsk that was fixed by a snow 
shot. As we see on the picture, the maximums of dry fall-outs come on “nearest” to factories zone and 
reach values of 40 g/m2 and higher. 
Beside the particle size, an important ecological significance has water solubility of heavy metals 
compounds present in the air, for when falling out on surface the metals in mobile, easily soluble forms 
freely enter and being absorbed by living organisms actively include themselves in migratory processes. 
In snow melted water heavy metals are present in two phases: bulk (in composition of insoluble dredge) 
and in soluble phase. The space and time specifics of the chemical elements conduct in these two phases 
are conditioned by different reasons and have their own peculiarities. Presently there are little reliable 
data on the balances of this material distribution (correlation of soluble and insoluble phases of heavy 
metals) in snow melted water. The specific of the snow cover study in 2008 in the St. Petersburg region 
and the Southern Urals is that the object of the study was namely soluble form of toxic elements in snow 
melted water [3, 6, 7]. 
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Fig. 1: Map of dust distribution on Chelyabinsk area. The numbers mean: 1 – Metallurgical combine “Mechel”; 2 – Zinc factory; 3 – 
Electrometallurgical combine; 4 – Tractor factory; 5 – Quarry for construction stone. 
The results of the snow cover investigations in the St. Petersburg region are shown in Table 1. For 
comparison the Table shows officially approved maximum permissible concentrations (MPC) of 
pollutants for water that is used for drinking and life purposes, and calculated local geochemical 
background. 
Table 1. Average content of heavy metals in the snow cover of the St. Petersburg region, mg/l 
Zone Bi Pb Zn Cu Ni Fe Cr V 
St. Petersburg 0.0121 0.0107 0.0278 0.0191 0.0031 0.0252 0.0065 0.0057
30 km 0.0120 0.0101 0.0203 0.0159 0.0025 0.0136 0.0061 0.0045
60 km 0.0117 0.0097 0.0123 0.0141 0.0018 0.0136 0.0058 0.0042
90 km 0.0128 0.0102 0.0104 0.0166 0.0032 0.0099 0.0061 0.0045
>90 km 0.0105 0.0094 0.0202 0.0185 0.0027 0.0125 0.0056 0.0042
MPC [8] 0.5 0.1 1.0 1.0 0.1 0.5 0.5 0.1 
Geochemical 
background [9] 0.0030 0.0010 0.0100 0.0050 0.0020 0,0110 0.0060 0.0040
 
Comparing the results of the conducted analyses with the official norms, the researchers [3, 7] came to 
the conclusion of a low level of heavy metal pollution of the snow cover in the central part of St. 
Petersburg. In thawed water the metal content is 1-2 times lower than maximum permissible 
concentrations (MPC) of pollutants for water that is used for drinking and life purposes. 
For a detailed analysis of space distribution of toxicant contents in the snow cover of the St. Petersburg 
region we calculated the concentration coefficients (Ʉɫ) of the elements under study in relation to the 
received background values [9]. The analysis of the received results showed that in soluble phase of 
heavy metal content most polluted is the snow cover in St. Petersburg and its near suburbs. Farther from 
the city (at a distance of 60 km) the level of pollution gets lower, and then again rises from the distance of 
90 km, where Leningrad regional centers are situated – Vyborg, Volkhov, Luga and Sosnovy Bor. This 
pattern is especially true with regards to zinc, copper and nickel. 
It is worth to note a significant excess in lead concentration comparing with background values 
practically on the whole studied territory. Highest values of Ʉɫ (up to 10.7 background units in St. 
Petersburg) are characteristic for lead with some lowering at 60 km from the city (9.7), then the values 
rise again up to 10.2 background units at the distance of 90 km, and lowers again to 9.4 background units 
farther then 90 km. A little lower values of Ʉɫhave bismuth, copper and zinc – 4.3. Ʉɫ of chrome and 
vanadium are within 1 (that corresponds to background values). 
For revealing of regional specifics of heavy metals pollution Table 2 presents average readings of 
heavy metals contents in the snow cover of St. Petersburg and Chelyabinsk. As the Table 2 reads, 
Chelyabinsk snow cover contains majority of the elements under study in bigger concentration then that 
of St. Petersburg, except copper the amount of which is 2 times lower. Maximum regional differences are 
characteristic for lead, the concentration of which in Chelyabinsk is 49 times higher than in St. Petersburg, 
and besides it is 4.9 times higher than the officially approved norms (MPC). The results of comparative 
analysis of data on toxic elements content in urban snow cover of different areas with various economic 
loads are well correlated with the previously made conclusion of regional peculiarities of dust load. 
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Table 2 Average values of concentration of heavy metals soluble phase in the snow cover of regions in 2008, mg/l 
Region Pb Zn Cu Ni ɋɨ Fe Mn Cr V 
St. 
Petersburg 0.01 0.04 0.02 0.01 0.01 0.02 0.01 0.01 0.01 
Chelyabinsk 0.49 0.16 0.01 0.10 0.18 0.38 0.05 0.02 0.04 
MPC [8] 0.1 1.0 1.0 0.1 0.5 0.5 0.1 0.5 0.1 
 
The results of research on Chelyabinsk territory in 2008 of concentration of the studied elements 
(except copper – 1.6 background units) showed exceeding of background values hundreds of times.  
Spatial distribution of lead on the territory of Chelyabinsk and its outskirts is characterized by 
significant spread of contours with anomaly concentration not only in the “near” zone of industrial 
enterprises, but at significant distances from them. Most polluted are: industrial area of the Zinc factory – 
on average 1.3 mg/l, Metallurgical district – 0.79 mg/l, the city center – 0.61 mg/l (Fig. 2). Similar to St. 
Petersburg region, the main characteristic of lead distribution is a high level of the concentration on areas 
lying rather far from the city boundary. A high level of lead pollution (on average 0.79 mg/l was marked 
along the road Chelyabinsk – Kurgan, at the distance of 18-20 km from Chelyabinsk, in the outskirts of 
town Kopeisk – 0.83 mg/l, near township Starokamyshinsky – 1.2 mg/l. 
 
 
Fig. 2: Spatial distribution of soluble lead forms in Chelyabinsk snow cover in 2008, mg/l. Enterprises: 1 – Metallurgical combine, 2 
– Zink factory, 3 – Electrometallurgical combine, 4 – Tractor factory. 
Significant concentration of moving forms of lead in filtered samples of snow water taken in 2008 
turned out unexpected for the authors of the research. After the ban to use leaded gasoline the level of 
lead concentration in snow cover should have been essentially lower than in previous years. Here arises a 
question of the source of such emission into the nature: whether it is the result of industrial activity or still 
main contribution is made by transport, for in correspondence with GOST R 51105-97 of 1.01.1999, 
developed with taking into account of the European standard EN 228-1987, lead up to amount of 0.01 g/l 
is included into all kinds of motor fuel. Additional investigations are needed to solve this question. 
4.Conclusions 
Thus, the comparative analysis of pollutant distribution in snow cover of the St. Petersburg region and 
387Larisa Zarina et al. / Procedia Environmental Sciences 8 (2011) 382 – 388
 
the Southern Urals showed the following: 
On urbanized territories of the Southern Urals with big numbers of industrial enterprises (ferrous and 
non-ferrous metallurgy, machine building, construction complexes heating power plants, partially 
working on coal and black oil fuel) the heavy metals concentrations in the snow cover are dozens of times 
higher than in the St. Petersburg region, where sources of air pollution are mainly represented by ship and 
machine building, light and food industries.  
On the whole the level of snow pollution by heavy metals in soluble phase in the St. Petersburg region 
is low. Concentrations of such elements do not exceed MPC for water objects used for drinking and other 
life purposes. At the same time concentration coefficients (Ʉɫ) of copper, zinc and nickel with regards to 
the local geochemical background are higher in the central districts of St. Petersburg and reach 
background values at the distance of 60 km from the city. Dust load is also insignificant. In Chelyabinsk 
with its complex industrial structure the dust load is dozens of times higher.  
In the same way for both St. Petersburg region and the Southern Urals positive dynamics of 
concentration coefficient (Ʉɫ) in relation to lead background are observed. Technogenic anomalies with 
higher contents of copper, zinc, lead, cadmium and other heavy metals are formed around major industrial 
enterprises of Chelyabinsk such as “Mechel”, Chelyabinsk electrometallugical combine, Zink factory and 
others. 
High lead concentrations in soluble phase of snow water are marked even at significant distances from 
the city, which gives evidence of inclusion of the given element into a far (regional) transfer and about 
lead pollution of the biosphere. 
Investigation of correlations in snow cover of concentrations of elements in bound and moving form 
has an important ecological meaning, for moving form defines biochemical activity of toxicants. These 
data in the regions of research are practically absent presently. In this respect in future it is necessary to 
plan investigations of chemical contents of snow samples both in bulk and soluble phases simultaneously. 
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